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Zb tho hoary roro oarbrt rogion a now radloootivo isotopo of 
orbiua, Sr^t has boon produeod by proton boubardnont of high-parity 
holaiua oxido in tho Ohio State Bniroroity cyclotron* Tho radiations 
hero boon studied by oloctroaotar, nagnotio oountor, and absorption 
ottnro aothoda, and found to oonaiot of olootrons, x, and earn* radia- 
tion of a ton-hour half lift* 

A a part of ths rosoareh, a nothod for tho rapid separation 
of tho yttrian group raro oorths through tho uao of chrcaatographio 
olutlon in o synthotie, cation oxohango, roain oolnun with aold azoson- 
iun oitrato solution and radioaetiro traeor toehniquo has boon 
dorrolopod and daaorlbod* 

Vast noutron bonbardnant of high-purity aaaplas of torbiau 
oxido haro failed to roroal an approxiaato 3. 9-hour half lifo for tho 
torbiun iaotopoa, Tb^® or 

Vorifloation data haws boon proridod for tho radioaotiro 
Isotopos of holnius as s rssult of proton boabardboont of purs dysprs- 
aiua oxido and dowtoron bou b o r d so nta of pvro holaias oxido* 
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A STUDY OF THE SRPARATIOH AW) MEASURWOT Of 
THE WWim RADIOACTIVE BARK BARTHS 

iyfRor^xrrioif 



The most desirable barge t material la cyclotron bombard- 
ment# la the elemental metal because of lie aaae of manipulation and 
inherent purity. Because of the scarcity of chemical Methods for 
the production of rare earth metals# the rare earths necessarily tost 
be bombarded as an oxide. Ibis practice introduce# a positron pH 
activity of 1.8 bows in all bombardment# with deuterons and protons. 
Individual rare earth# aa furnished by the distributer* contain 
minute quantities of yttrlw. This minute quantity of impurity be- 
cause of large cross section for deuteron* and neutrons Introduces 
a negatron activity of 2.6 day half life which largely obscure# 
the remaining rare earth activities. In addition# proton bombardment 
of yt trims produce# a 3.3 day positron activity which obscure# 
measurement# ef the rare ear the containing thie impurity. Alee 
found in the ooamereial distributors sample# ere tree# amount# of 
calcium. 8igh areas sections for alpha particle# is a character is- 
tle of thie impurity. As a result# a 3*92 hour positron# gamma 
activity of 8e^* is formed in the alpha bombardment# of the rare 
ear the. 

Measurement af rare earth radioactive characteristics thus 
involve# complete purification of individual rare earths prior to# 
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or 1,i— rllatoly boBbardaant. Chonical treataent of tho raro 

torih oasploa prior to beabardaant is attendant with difficulties 
became of tho preaonoe of tract impurities la tho chemical ro- 
afonto ocoaonly wood in tho laboratory. Thua, while aoeoapliehi ng 
purification of tho raro earth*, tho traoo lapuritioa of tho reagents, 
when activated, aay completely obscure tho raro earth sample activity. 

The purification by ooparation of tho radioactive raro 
oarth aotivitioo of tor bombardment la oonoidarod more satisfactory, 
•into thla aathod lend# itoalf to radioohealcal aoaoureaent, a aoah 
■ora aonaitiva aathod than ordinary ehaaioal toohniquo. A disadvan- 
tage of this aathod ifl tho leao of aotivity duo to ehoaioal treat- 
aont and docay of tho oaaplo during tho tlao of ooparation. 

This papor, therefore, proaonta a rapid aathod for tho 
separation of tho raro oarth# and contaminant aotivitioo common ly 
found In tho traoo lapuritioa of raro oartho supplied by ooaaaroial 
laboratories and, secondarily, oxtenda tho knowlodgo of tho radio* 
active proportiao of *r*^, Tb 1 ^, and the holaiaa iootopoa. 
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As a result of t ha radiological safety pare gras of too Man- 
hattan Project (19tt3-19h£)* it became necessary te laoloto too najer 
flaalcn species in too fora*, nurities, and amount* necessary for 
too solution of too radio to* ioelogioal poroblaas inherent In too quan- 
tity production of platcnlmu In too research that followed* It vas 
found that orer thirty of too flesien products wore embers of too 
rare earth fanily (lsetepm of yttrium and too grewp lan thanes through 
europim) • The chereeteriaatlon of tooeo rare earths prossnisd v«ry 
difficult problem that wore solved only with the intone if ioetlon of 
los exchange methods originally developed by 0. S* Boyd and his oo- 
«orfcars(6) and applied to the rare earth field by Cohn and his eo- 
workaro^)* In this paper* Cohn pro eon ted toe successful seperetioa 
of the rare earth sequence praseodyaiea* neodyaloa* and ol merit 61 
(prsmthiun) . Continuance of this work at too Clinton Laboratorloa 
led to toe discovery that met of too lone of airoonim* eolmbina* 
ooriun* yitrlun* barlua* etrentlua* and Iodine could bo eluted eelee- 
tively from the organic rosins of Boyd by the use of eeeplexing 
agents* such ss aamnliaa citrate* aaa 02 d.ua oxalate* or aamniea tar- 
trate* wader controlled pH conditions^ 1 ). 

In the n e a ntl m* F* U* Spedding and his group at lews State 
College were develeping a nstood for the separation of aaere quanti- 
tisa ef tow rara earths by ion exchange* They r sported the satisfac- 
tory separation of eeriun and yttriua( 2 )| modynim and praeeodyalu^)* 
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Later contribution* of th« Clinton Notional la bora tor/ war# 
the separations of several rare earth* of the cerium and yttrium 
groups by ion-exchange resins^* *K and tb« theoretical studies 
of the reaction* of the rare aarth ccaplaxa*^®' ^ Thl* lad 

to further codification of loo-exchange technique of shorter eelwrns 
and mere rapid aaparatioa rates ^ • 

These davalopeant* enabled Hick* and ^k^oaiaisu) 
at tha Crocker Radiation Laboratory of the Oniveraity of Californio 
to Institute cyclotron boahardaonte of tha rare earth eleaent* with 
confidence In the apeed and oertalnty of oheaieal Identification. 

They wore able to aaka a aarloa of studio* of the wstron-def talent# 
radioactive lsotopea of needymiaa# promethiua* terbium* helaiua* 
thulium# hafnium# tantalum# and rhenium trough the use of ion- 
exchange separation** following cyclotron bembardaont* employing 
halloa ions* deuterons# proton** or fast neutrons. Latest develop- 
aenta at tha aana laboratory have been the character iaa tion of the 
neutron-dafielent* radioactive isotopes of eeriiai* pra a eod y mlum# sad 

Hick* and kUklnco*^ 13 ) In Unlr Mrl*. of ctulUa bmebuded 
very pure dyspreslua oxide with 38 Mow alpha particle** and the rare 
aarth element* wera subsequsatly chemically separatad by the ion- 
exehange* res in-column method. The erbioa fraction was found to 
contain an activity whoee decay gave a half Ufa of approximately 11 
hour a* Abaorption measurements showed tha radiation* to consist 
■a Inly of olectronagnetle radiations corresponding to the swage 
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• WRiar of holmiun L and K x-radiation 7,2 and 5 2 Rev# ruptt* 
tivelvj hard gaana radiation of 1,1 Hot energy* soft 

olootrons of total range approximating 10 ag/em 2 altatimn in very 
low yield, Sinoo no 11-hoer activity can do too tod in the colon* 
separated erbium fraction free holmiun bombarded with IS Hew 
deuterens, allocation of tho 11-hour activity was mads to Ir^* 

Mo proton bombardments of bolalum wars mentioned in this study* 

Also included In their eerles of studies wore tho neutron-* 
deficient* radioactive isotopes of holmiun which were produced by 
alpha-particle bombardment of terbium end by proton and deuteron 
boatoardaant of dyeprosiea, They reported a 3ii-«iintte» a l». 6-hour# 
a 5*2-day f and a 65-day activity a e a result of dysprosium bombard- 
ment with protons* The allocation of tho 22*5-*lnute# fc*6-heur# 
and 65-day holmiua activities to mas see 160* 161* and 162* raspee- 
tivoly* was made on the basic ef yields in bombardments of terbium 
with 38* 30* and If Mow alpha particles* The 5.2-day activity wee 
allocated to mesa 163* since it was not observed in slphe-pertiele 
bombardments of terblna* or in fast-neutron bombardments of holmiun* 
but was formed in yields approximately tho came aa tho other isotopes 
in proton bombardments ef dysprosium* 

•utenent^) has recently reported e 10 Kev proton boobard- 
ment of holmiun oxide of over 99 •97% purity and a resulting activity 
in tho erbium fraction which consisted solely of electromagnetic 
radiation with e half life of 10 1 0*1 hour* This was measured as 
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holmiat X-reyi a, and the aoUvity n«» therefor#, attributed it 
I capture in Kr 1 **# formed in the reaction 

Ho 165 (p,n) Sr 1 **. 
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yvatbardnanta 

la seat eases* tan to twenty-fira milligram saaplae ef the 
rare earth oxides vara b'-*harded la aluminas interceptor targets 
placed la tbs baa* ef the Ohio State tfalraraity cyclotron. Tha final/ 
pow jtf i d oxide act placed In the vail af the target* heaved to a 
tenperature of 500 dagraaa Centigrade* ant than lightly pressed prior 
to b^abardnenta. Targats vara covered with .0035-lneh aleaiaun foil 
Jest before target aotmting. Boahardaanta vara Made with 7*U Mar 
pro tone, 10 Mar deuterons* and 20 Mar fact neutrons for periods 
ranging frea five alnotaa to tares hours. 

Fart-neutron brahardventa vara aadt on twenty-fire allli- 
graa tuples of tha oxidaa la avail plastic caps ala*. The capsule 
vaa placad in a co p per target noun tad behind a c o p per target veil* 
containing lithium. Tha target aaees&ly vaa then placed In tha bean 
ef 10 Mar decterens and tha fact neutrons obtained from the 11 (d#n) 

Be reaction. In thie type cf bemfcsrdnent* it vaa aaacaai r y to include 
a eapaule without canplo in order to dctarainc the eapaule activity 
In Itself. 



Galvan Separation 
Principles ef Column Separation 



One af tha neat difficult proaaeaaa la the field af cheat*- 
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try ha* been tha separation of tha rare earth# fro* each oth or into 
their puro eta tea* Their oheaieal and physical properties art so 
similar that a tingle operation only enriohes one eoaponsnt* ilnce 
I?li5» * n«*ber of reaeareh worker* hare reported studies en the appli- 
cation of chroeatographio and ion-exchange method* to the eeparation 
of the rare earths ** ^ ^ ^ Most seecessfal rare 

earth separations *r these reported Involved the adsorption of rare 
earths on organic resins and subsequent elution with eonplexlng agents# 
such as eitrie aoid-ea*onlua titrate solution at controlled pu* the 
narked success of the prceeeees described depends on the fact that 
the rare earths fore eonplaxe# with the citrate ions. If the pH is 
suitably adjusted# conpetition is set up for the rare earth ions 
between the citrate eceplaxaa and tha active cant are of the resin* 

As the citrate eolation washes the rare earths down the cclnnn# each 
rare earth ion Is adsorbed and daserbed many tiaes* The variance of 
eviulUbriue constants ef tha rare eartha-eitrate cavities accounts 
for the difference in the rate of travel down the acluaa and thus 
leads to their separation* 

The prods* of separation than besones sue of saving one of 
the rare earth nations cat ef e narrow adsorption band at the top of 
the oolwsn at a Mere rapid rate than tha others# so that nest of it 
reaches the botto* ef the eelmt before auoh of the second does* 
Attaining optima separations involves the use of an eluting agent 
which will preferentially resave one component with nlnjjsas netenent 
ef the others down the eoluen. The reactions concerned in eoaplex 
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elution of rare earthe may be considered at reactions of « cation 
!♦♦♦ adsorbed on a ran in column# Whan an aamonlum eltrata solution# 
at a pH which will bartlgr support tha formation of a complex ion# la 
passed through tha coluai* *0l^ 4 in tha solution exchanges with A 444 
on tha rosin in aeoordanea with tha following reversible ra action* 

♦ A 444 (resin) » A 444 * JJW^reeia) (1) 

The cation than antara into tha further equilibrium! 

A* 4 * ♦ (citrate lon)» A eltrata (2) 

Tha fraction of total A 444 found in tha citrate complex la determined 
by tha relative equilibrium ecnatanta af Aaaotiona (1) and (2). 

Tha exchange reactions (1) taka plaee a ear tain number of 
times in aaoh unit length af oolunn. Therefore# tha closer the 
approach to equilibria* conditions# tha greater toe naabar af theeret- 
ital plate* and degree of separation* laprcveasat la separation 
involve# the finding af conditions whloh lead themaelvea to the meet 
rapid attainment af equilierioa eonditione under the practical eon-* 
aiderationa of operation# Xhe setting ef optima eonditione is es- 
sential!/ a balancing ef the desire for longer eolaaaa# slower flow 
rates# finer roe in part lo lee# end email eation-to-ree la ratio against 
tha desire for high field and speed# 

Combined with the date of he telle and Boyd^, the reevlte 
ef this research indicate a relative absorbability ef the rare earths 
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This progression is in the sjuio order t» that of tha crystal ionic 
radii. 

Oving to tne ve ry class eiallaritjr of yttrium# dysprosium# 
and holnluu# too triad uy, X# ani Ho coastitutos what nay bo taken 
as the aost difficultly separable of all the rare earths. The yttrium 
subgroup of ths rsro oartho of tsrbiua through luteeivsi corresponds 
to ths filling la of ths second seven else tr one in ths if shall sf ths 
atom* and a next— i similarity in both ths relative rsdii end adserb- 
ehiiity it found with Tb and U. txanination of ths data of Xetells 
and Boyd^ and tha rslativa ionic radii of Bsanar Indies tss that 
oerlua and prassodymiuu are ths saslsst to ssparatef and yt tsrbiua 
and lutselus are ths aost difficulty axospting for the separation of 
ths Quasi rare earths yttrium and dyeprosluuu 

Kapld column separations necessary for the oh&racterlaation 
of short-lived act Titles in the region of dysprosium# hol&loa# and 
orbital# therefore# only constitute an enrichment of one oeoponent 
in the presence of the other activities. Ittriua with lie high 
activities beeonee the limiting factor in the speed of elution* 

Operation of the Colon 

Colusa separations -ears nads using Do rax 50*^# a ayutas- 
tie cation sKohango rosin oontainlng nuclear sulfonic acid croupe 
as tha sola ion-act Its group at may P* value. Ths rssln was obtained 
trm ths laboratories of ths Dor Ch sulcal Coupaqy and uas sapplisd 



. 10 - 



It * *t * 0% • 



- • 4 v -? < ‘ 



**«el *J... • « r c %*, . . ‘ • ri.)" - -fc, 

•Xttet 

♦ f*i *. w . H ' t.v - . • • -a . *• » -I u«-‘ v* 

**rf M V» •• • i*actlimm+ m ♦— J «f) tel-# mi te§ 

• ^ --«’■» i* --- te» > .,* • - Vr .* • «« M 

■— i 'j ; m * -..- »«e*%A <<■. .r«, a ml <v » <y'» miv V y u » |W | 

■* W 1 • ' *» -*>*• ■ •-* ***if »*AJUr» •** ©i 

Am.. .JU. . «i-' - • -«*' k i 'HUlii, » terr^g * fc»a *»»** 

1*w# A to MtovlM.' ^IIm 4 <rm M «l will** 
«M *r.v. 'm tm tt» 



mJw tr i 




• ■# r# liteif «M 
♦VII InAit Mi 



# ten 

%* • * . ,,f «*. ^ , : 

«■»*# eexJt*l>*« 



-«||p • m*f+' V» te *«-r •— - -m*ioO 

MM»f M*m «» «« y**U#l*^ » -»u*» »>i 

mic; A »«• %! 4t ,W ♦»!► vs f«l Nnr.*% «* ! #• ., «*l~ *. 

WtlpcK* •*- M. T**_*-^ U. AC W r;i v .. Hi 

•4to 



in the sodlan fora of colloidal dimensions. This arterial, had a dm* 
sity rf 1.5 tm/ml in the dry fora and an effeetire molecular weight 
of 16$. 

The preparation of the resin prior to use consisted of heat* 
inf the material to 100* F. with 1*1/2 yoIums of hM ammonium chloride* 
cooling* and decantation through three eye la a* This action was 
followed by eight washings with 2*1/2 volutes ef distilled water. 

After each wash* the supernatant and any fine tutorial in It was dis- 
carded. 

The elating agent employed wee 0*25 molar citric acid* ac- 
curately adjusted to s pH 3.05 with ammonium hydroxide and protected 
against mold growth with l/W nhenol solution. 

The eolusn consisted of a thin polys tyrant tube* 0.3 caatl* 
fie ter In thickness* l.tt centimeter In internal diteeter* and 20 centi- 
meter in length. The utilisation of a polystyrene column in place 
ef a longer glass column* mentioned in the literature* permitted a 
more efficient surrey of the movement of the radioactive rare earths 
through the column. The reein bed was 15 centimeter in length and 
was supported on a filter of glass wool. 

The column apparatus (Figure 13 ) consisted ef the resin bed 
(A)* plastic eolsen (8)* end the flowerets bottle which controls the 
rate of flow through the adjustment ef hydrostatic head (C). The 
flew rate was adjusted to 0.25 ml/«a 2 of column area/minute. This 
flow rata correeprnded to six drops per minute. 

The first step in operation after removing the rare earth 
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oxides from the alaminmi target m to dissolve this material in 

a minimum of concentrated nitric acid* precipitate the hydroxides 
with concentrated ammonium hydroxide* cartrifuga the solution, de- 
cant the supernatant lipoid* and wash the precipitate. This process 
la repeated several time# and the precipitate finally dissolved la 
nitric acid. The rare earth flocrides are precipitate! hy the *ddi- 
tioa of 5 co concentrated HF* These are rmacved by centrifugation 
and washed with distilled eater. At this point* the contaminating 
activities art Halted to the rare earths and scan! lew. The fluorides 
are then dissolved la a nitric acid-boric acid solution {8-10J* 8*0^ 
saturated with boric aeid)* and the complete cycle of purification la 
repeated again. The final hydroxides are dissolved in SCI, pS 1-1.5, 
and transferred to the top of the ion-exchange resin sc lean. 

This starting solution was first slowly passed through the 
column* causing the solute mixture to be adsorbed at the top. The 
eluting eolation was then passed through the column at the specified 
rate* the effluent being monitored by means ef a special apparatus 
consisting of a aica-wi mowed* Qelger-tfuller tube mounted In a lead 
shield 0.5 inch in thickness on the sides and 0.25 on the end facing 
tha column. A 0.33-inch opening is the end plate war provided for 
seamier the effluent. The tebe was attached to a counting rate 
meter and Esterline-Angus recorder. this means, it was possible 
to obtain a continuous record ef the beta and gamma emitters in the 
effluent cf the column, fractious of the effluent were collected at 
- 12 - 



definite change* in activity and fractions containing nore than twice 
background activity vara tr< -f erred to evaporation dishes, evaporated* 
and Ignited to 1U0O degrees Fahrenheit in tfea o lac trie furnace* Tha 
rare earth residua n« than extracted with hot nitric acid and tha 
hydroxide roeipitated with aaacnitn hydroxide and dr lad under ea 
infra-rad lamp. 

Results in CpIthw Sana rat ion 

Savoral preliminary runs sera made with various types and 
aesh-aise, ton-exchange material in an af fort to determine optimum 
flow rates, column lengths, and maah size* The first preliminary 
ran van made with a 50 om x 1 om, Powex 50* 60-nash sice coltsas with 
a flow rate of 0.03 al/ea^/atrwte and a pH 3.05 ammonium citrate 
solution at room temperature This experimental separation was 
found to be unsatisfactory from the time and completeness of separa- 
tion viewpoint. Fir at activity appearance occurred in tha terse of 
days and little differentiation was noted* 

Tha second experimental rum was made with a 90 m a 1/2 om 
Xcnex, 150-300-atsh sise column with a flow rata of 1*0 al/cmfyairwte 
and a pH 3*05 ammonium oitrats solution st a temperature of 100 
degrees Centigrade^). This method was also considered unsatisfac- 
tory from the time and operational viewpoint, but separation of 
yttrium and zirconium was accomplished. This separation required 
thirty-six hours, but survey scanning of tha column indicated the 

-13- 
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feasibility of using * much shorter column* Examination of ths se *a- 

ning plot (Figaro 1} Indicated that satisfactory separation ocrnld 
have boon obtained with a 15-em column in one-third of ths tins* 
Bubble for action in ths bod ef column duo to ths elevated tamper at are 
Indicated ths nosd for rocm-temperature operation* 

Daring ths first preliminary experiments* it had boor* noted 
that tho rats of initial movement of tho activities down tho column 
was proportional tc tho initial adsorption technique* When initial 
adsorption occurred with ion-exchange notarial outside of tho column* 
as reccmaended by licks slow elation end separation ooeurrod* 
Then initial adsorption was usds in ths upper-bed levels by tho 
nethod of Tompkins rapid elution was obtained* 

Tho third experimental run result* are shown in Figure 2* 
with the equipment and method previously deeeribed and illustrated 
in the Appendix* This surra represents ths time si which the four 
groups of activities* resultant from the four-hour deutcron bombard- 
ment ef 20 mg of terbium oxalate* 20 mg ef holaiwa oxalate* and 20 
mg of thullu* chloride* eluted by asnrnlum citrate* passed the scan- 
ning tube and illustrates the degree of separation obtained* Tttrium 
found in the plot is the common contaminant of the three materials* 
This experiment reveals a rapid method ef separation but mould he 
improved upon to give more specific separation ef the Individual 
rare earths by decreasing the flew rate by ons-half* 
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After separation and recovery of the individual rare earth 
hydroxides* the aamplee mt# mounted on small cardboard •dreg taxes" 
and covered with 0*002-ineh Zapon. Radiation character ia ties were 
determined by mesne of lead* copper* and aluminum absorptions of 
the radiations* and by half-lift decay carves. Alumina* absorptions 
me taken in ths assented manner* and the energy of beta part ie lee 
waa determined from the range of electrons in aluminum* this range 
has been taken as ths minima absorber thickness repaired for total 
absorption. Lead absorptions were utilised to determine the radia- 
tion half thickness in *m/om*. From this half thickness measure- 
ment* relative ganaa-ray ansrgies could be determined. Aluminum and 
oepper absorptions vers used to da tormina X-ray half thickness* 
absorption coefficients* and ware lengths. 

Measurements were made with end-on* Gelger-tftllar tube 
count are which had 3 mg/em* mlea windows and were filled with 10 
em argon and 1.0 am alcohol* Variations In counter efficiency 
were taken into account by the see of e cobalt standard. The 
scaling circuit used was the conventional type* coal* of 6k. A 
erode bate-ray spectrometer of low resolution enabled the distinc- 
tion of positive end negative electrons. 

Measurements were also aside with a Wulf * unlflllar 
electrometer* an ionisation chamber containing freon gee under twenty 
atmospheres' pressure. Radiations entered the Ionisation chamber 
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through an alu&lnw fell of 20 wg rJ&P, Directly over the alsctroa- 
•tar was an electromagnet jurrang«M*nt by which charged particle* 
could ba deflected away fro® tha ionisation chamber and eleetrauag- 
netio radiation* alone measured* Ganna radiation decay* war* 
measured by insertion of 1/k iooh of sluaiina between activated 
sample and ion chamber* 



Holalm Isotopes 

In an effort to aerify tha activities of tha radioactive 
isotopes of holaiuw# chert and long bombardments of dysprosium 
oaiia with protons ware oeupled with daataran bcnbardaaats of 
ho lotion • The literature to data lists six known# radioactive 
Isotopes^' 20) as listed on the following page# and on* stable 
isotope lOOt pure 5o^. 

Tha first experimental bombardment was s 10 ItoT dcateron 
bombardment of 85-mlnute duration on a sample of holmium oxide 
proparod by Or* J, X* harsh of Oxford for Aden Bilgcr# Ltd*# labora- 
tory Mo* 12125* This sample was considered to b* ranarkably pure 
for holsiim# as it eentainod 2% dysprosium and only traces of 
yttrium# calcium# and magnesium* 

Measurement of the resultant total activity through eight 
half lives on the Vulf electromotor revealed a 27-hour half life 
consisting of a 1*75 hsv B" particle# and a *y5 Lev gnma ray 
(Figure 6 ) * This is in agreement with valuer previously mentioned* 
Electromagnetic radiation dsocy was in accord with that of tha total 
-16- 
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Six Known Radioactive Xsotepoo 



Btwpfy of Radiation 
F) ratatad Typ# of ^artlclaa flow Soy 

Zootepo «y Sadiatioa »alf Ufa »wr Iter 



l.H.* 50 


Tb-^3n 




2. tt® 


Tb-o(-2tt 

Dy-p-n 

Dy-d-2n 
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1.00 
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activity acta tired. The reaction predominant in the bembardeent was 
Bo 165 (d,p) Be 166 . Bo visible evidence of an Bo 1 ®* (d,2n) fcr 1 ** 
reaction oculd be noted* 

The second experimental bombardment wav a 7*fc Mev prate* 
bombardment of 2Q-«im,ts duration of a sample of dysprosium oxide 
prepared by Or* Praadtl of Bunich for idea Hllger* Ltd.* Laboratory 
No* 6L02* This sample was of extrsos purity ss it contained only 
tract ' of oaleiun* gadolinium* end praseodymium* 

Measurement of the total activity through nlna half lives 
on the Wulf eleotroaeter revealed e complex deeey curve which* upon 
analysis* indicated three activities of 1 f minutes* 39 minutes* and 
1*9 hours* Absorption and magnetic counter measurements Indicated 
the l*8-bcnsr activity ee ^ produced by the 0^ (p*m) F 1 ® reaction* 
The 19-minute end 39*«inate eetivitiee eerreepond to the listed 
ectivitiee of Be 1 ® 0 end Be 1 *** 

the third bomb ar d m ent was e 7.L Bov proton bombardment of 
four hours ' duration of tho sample of the teoond bombardeent* 
Measurenent of the total activity through eight half lives with the 
electrometer revealed e complex decay curve that indicated three 
ectivitiee ef h hears* 18 hours* end ? days (rigors 4) * Absorp- 
tion end electromagnetic radiation decay curves indicated those 
eetivitiee to be x end gamma radiation* The b-hour activity ear- 
responds to Bo 1 ® 1 end the 7-day activity to Bo 1 ® 3 . The 19-heur 
activity is mot reported la the literature end may be dne to tho 
presence of gedollnli* 
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Tarbiaa Isotopes 



The literature of Beveay* Levi* and others^*) has 
reported a 3.9-hour activity In the isotope of terbion af aaaa 
nunhar KO. This activity baa been forced by a Tb^ (a#V) 
reaction. fa substantiate thla activity* a staple of aalnawaaparaiad 
terbium vaa obtained from tha Oak Rids* Rational, laboratory* Thla 
ample vaa aa para aa vacant ahaadoal techniques tan provide and 
vaa bnabardad with fact neutrons for a period af fear bovra at aa 
Intensity of «0 Mav* XaaaoraMnta of tha resultant activity of 
oapoulo pitta aaapla and eapsule a Iona (Plgwe 7 ) «ava m indication 
of a 3.9-hoar activity as a result of either fact* or alew-oeutroa 
beaberdeeat* 



Irblm Iaotopoo 

Tha Bursae of Standard#* 20 * lists ala atabla isotopes af 
arbiiai of aaaa aonbar 1/2* 166* 166* 167* 166* and 170} and tv# 
radioactive iso topee of aaaa amber 160 and 171 with half Uvea of 
9*1 days and 7*5 hours* respectively* To date* there la no listing 
for tha aaaa number 165* although axaaln&tlea of tha Isotope tables 
at higher and lower stoalo ambers indicates tha good probability of 
a radioactive isotope af aodarate half lift that dscaya by electro- 
aegnotlc radiation being existent at thla traabar* 

TO develop this thought* a series of bcadMrdaaoto vaa 
andartakan* A first experiment consisted of the doutaron bombard- 
-19- 
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ment and aaasuronsivt of B Ilf or Sasple Mo. 12125* mentioned under 

holaiua isotopes. Mo mv activity was observed in this activation 
■\AA 

as tha He activity was , roaeainant. This finding is in agrea- 
•ant with that of Hlsks and iilkinsen^) • 

Tha second step was tha boabardaent of Sample Ho. 121*2$ 
with 7.1 Mav protons for a parted of fear hours. >calar* Magnetic 
electrometer and absorption aaasuranants through seven half lives 
rrraalad a new slaetrenganatla radiation decay half Ufa of tan 
hoars that corresponded to x and gans* radiation accompanied by a 
weak electron emission (FigwelO ). Thin aluminas absorption 
pictured an alaotron and point cerraapcnding to $0 mg/mf or 0*22 
Mar energy. Load absorption data gars a half thickness af 7600 
mg/om*# which# whan eorrastad* corresponds to a gamma energy of 
0.65 Mar (rigoral-i). Tha actiTation of impurities ms indicated 
by the presence of lone decay periods in th# electron and gamma 
decays. 

A third step in the development was the six-hour proton 
bombardment cf a aaapla of eolumn-eeperated hslaioa oxide obtained 
free the Oak Aidge Maticaal laboratory. Although of oxtreae 
purity# only thirteen milligrams were aveilable# end# consequently# 
Halted tha amount af astivlty available for absarption measure- 
aanta. Exact purity ef the staple was unknown and thus gave rise 
to doubt as to the identification ef the longer half-life activity 
present in tha aaapla after tha expiration of tha tea-hour electron* 
- 20 - 
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X) end jamm radiation vara la afrsaoont with tha findings of tho 
aseond experiment* Thin altair.oa absorption neaanreasat gars aa 
alsetroa and point of $ 0 of/aa* (Figaro 12 ). Load absorption 
aeasnreeants vara ineonelnstre because of tha soak intensity of 
radiation* Ihe ratio of tha intensity of tho ionisation by tha 
bat a rays to that by tho gasna rays was apprnxlaately 10 to 1* which 
corresponds to aa eeieelon of about tan games rays par electron* 
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1. Rare earth lent can be separated frca era wether 
through the uae of ion-exchange eo Items# but eraplete eepnratlon 
of these Iona cannot ba aecompl shed in lata than twelve hoars* 

This rathe d of chromatographic elution in a Dowex £0# Ion- 
exchange colran ran ha adapted to remove contaminating activitlaa 
other than the rare earths ant to separata the lighter and heavier 
rare earths In lass than twelve hours* 

eoflnaaant of the factors of separation (flow rata# 
elution solution# and column length) ear lead to cmplete taper a- 
tlon of rare earths as target rater isle prior to boabardaent. 

2* Sara of the radioactive isotopes of helmium have been 
measured and activities focal that correspond to the 20-alnute half 
life of Vast Mo. 160) h.fc-uu r half life ef Maas Me* 161) ?-d*y 
half life of Mass Mo. 163) 3$*alnate half life of Mate Mo* I6h) and 
27-bour half life that corresponds to Maas Mo* 16 6* 

3* The stable isotope of terbium has been bombarded with 
neutrons in an effort to determine the presence of a 3.3-hour half 
lift in the terbium isotope of Maes Mo. 160. Vo ora 'arable activity# 
as mentioned in the literature &?)# could be distinguished* The 
conclusion is that no 3 • 3-hour activity exists in the isotopes cf 
Tb 15 * or Tb 160 . 
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It* A am r«ii?*cMw iaotcpe of erbiwn ba* bee* found tram 
the proton bccafeardnent of hi gh-^urity sanplee of bcladun oxide. 

This radioactive iretepe tr^ decays by electron, x, and gazna 
radiation with a tan-honr half life and electron energy of 0*22 
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